Abstract
INTRODUCTION
It is commonly believed that clay deposits exist in several locations all over the world. However, the few products of clay used today have shown that clays are under utilized.
Clays are composed basically of minerals such as kaolinite, montmorillonite, and illite in addition to varying amounts of quartz sand, micas, feldspars, gypsum, iron compounds and organic materials [1] .
It has been shown [2] that clays of alumino-silicate minerals have excellent high temperature volume stability, mechanical strength, thermal shock resistance and creep resistance. Refractories and kiln linings made from these alumino-silicate materials have found application in industrial fields, such as metallurgical and building materials industries [2] .
Report [1] has indicated that clay minerals are activated when subjected to high temperature as result of physical and chemical changes which alter their properties. A study [3] on the drying of wet clay indicates three stages of drying: increasing rate, constant and decreasing rate and also revealed that at constant rate, the evaporation rate and evaporation surface are constant.
A model [4] has been derived for predicting the quantity of water evaporated during the primary-stage processing of a bioceramic material sourced from kaolin. The model; E = Exp[0.3424(LogT) 2.439 ] (1) shows that the quantity of evaporated water during the drying process is dependent on the drying temperature, the evaporating surface being constant. It was found that the validity of the model is rooted on the expression (Logβ x lnE) N = LogT where both sides of the expression are correspondingly approximately equal to 2. The respective deviation of the model-predicted quantity of evaporated water from the corresponding experimental value was found to be less than 19% which is quite within the acceptable deviation range of experimental results, hence depicting the usefulness of the model.
Model for calculating the quantity of water lost by evaporation during oven drying of clay at 90 0 C has been derived [5] . The model;
indicated that the quantity of evaporated water, γ during the drying process is dependent on the drying time t, the evaporating surface being constant. The validity of the model was found to be rooted in the expression (Logβ + lnγ) N = lnt.
Derivation of a model [6] for predicting the quantity of water evaporated during drying of clay at a temperature range 80-110 0 C has been carried out. The model;
indicates that the quantity of evaporated water during the drying process is dependent on the drying temperature, the evaporating surface being constant. The validity of the model is rooted in the expression (lnE x Log β) N = Log T since both sides of the expression are correspondingly approximately equal to 2. The respective deviation of the model-predicted quantity of evaporated water from the corresponding experimental value is less than 20% which is quite within the acceptable deviation range of experimental results, hence depicting the usefulness of the model. Water evaporation per unit rise in the drying temperature evaluated from experimental and model-predicted results are 0.078 and 0.0502g/ 0 C respectively, indicating proximate agreement.
A model has been derived by Nwoye et al [7] for quantifying the extent and magnitude of water evaporated during time dependent drying of clay. The model; Vol.10, No.13 Model for Periodic Analysis of the Quantity 1235 γ = exp((lnt/2.9206)
indicates that the quantity of evaporated water γ during the drying process (at 90 0 C) is dependent on the drying time, t, with the evaporating surface being constant. It was found that the validity of the model is rooted in the expression lnγ = (lnt/Logβ) N where both sides of the expression are correspondingly almost equal.
Nwoye et al. [8] derived a model for predictive analysis of the quantity of water evaporated during the primary-stage processing of a bioceramic material sourced from kaolin. The model; α = e (lnt/2.1992) (5) shows that the quantity of water α, evaporated at 110 0 C, during the drying process is also dependent on the drying time t, where the evaporating surface is constant. It was found that the validity of the model is rooted on the expression (lnt/lnα) N = Logβ where both sides of the expression are correspondingly approximately equal to 3. The respective deviation of the model-predicted quantity of evaporated water from the corresponding experimental value was found to be less than 22% which is quite within the acceptable deviation range of experimental results.
The present work is to derive a model for periodic analysis of the quantity of water evaporated during thermo-processing of clay (from Olokoro (Nigeria)) designated for production of oven refractory.
MATERIALS AND METHODS
The clay sample was crushed to particle size of 425µm and homogenized separately; mixing thoroughly with 10g bentonite (binder) and 6% water (of total weight). It was, moulded and dried at a temperature of 90 0 C in an electric oven to enhance loss of water by evaporation through a drying time range; 50-130mins. A mould of surface area 833mm 2 was used to make a rectangular shape of the clay product. The initial and final masses of the clay samples were obtained before and after drying respectively to evaluate the mass of water removed from the material.
1 Model Formulation
Experimental data (Table 1) obtained from the research work carried out were used for the model formulation.
Computational analysis of the experimental data shown in Table 1 , gave rise to Introducing the values of β and N into equation (7) γ = exp lnt 
BOUNDARY AND INITIAL CONDITIONS
Consider a rectangular shaped clay product of evaporating surface area:833mm 2 , exposed to drying in the oven while it was in wet condition. Initially, atmospheric levels of oxygen are assumed. Atmospheric pressure was assumed to be acting on the clay samples during the drying process (since the furnace is not air-tight). The grain size of clay particles used is 425µm, weight of clay and binder (bentonite) used (for each rectangular product); 100g and 10g respectively, quantity of water used for mixing; 6% (of total weight), drying temperature used; 90 0 C, and range of drying time used; (50-130 mins.).
The boundary conditions are: Atmospheric levels of oxygen at the top and bottom of the clay samples since they are dried under the atmospheric condition. No external force due to compression or tension was applied to the drying clays. The sides of the particles and the rectangular shaped clay products are taken to be symmetries.
MODEL VALIDATION
The model was validated by comparison of the model-predicted γ values and those from the experiment for equality. Comparison between these γ values reveals deviations of modelpredicted γ from those of the experimental values. This is believed to be due to the fact that the surface properties of the clay and the physiochemical interactions between the clay and binder, which were found to have played vital role during the evaporation process were not 
RESULTS AND DISCUSSION
The derived model is equation (8) . Computational analysis of data in Table 1 gave rise to  Table 2 . Therefore, a plot of mass of water evaporated E against drying time t, as in Fig. 1 using experimental results in Table 1 , gives a slope, S at points (5.02, 60) and (7.7, 110) following their substitution into the mathematical expression; S = ΔE/Δt (13) Equation (14) is detailed as
Where ΔE = Change in the quantities of water evaporated E 2 , E 1 at two drying times values t 2 , t 1 . Considering the points (5.02, 60) and (7.7, 110) for (E 1 , t 1 ) and (E 2 , t 2 ) respectively, and substituting them into equation (14), gives the slope as 0.0536g min -1 which is the water evaporation rate during the actual experimental drying process. Also similar plot (as in Fig. 2 ) using model-predicted results gives a slope. Considering points (4.7181, 60) and (6.4007, 110) for (E 1 , t 1 ) and (E 2 , t 2 ) respectively and substituting them into equation (14) gives the value of slope, S as 0.0337g min -1 . This is the model-predicted water evaporation rate during the drying of the clay. A comparison of these two quantities of water evaporation rate shows proximate agreement. This indicates a very high degree of validity for the model as a reliable tool for predicting the water evaporation rate during drying of the clay within a drying time range 50-130 mins.. Quantity of w ater removed (g) Deviation (%) It is also shown in Fig. 4 that the maximum deviation of values of the model-predicted quantity of water removed (from those of the experiment) is less than 19% which is quite within the acceptable deviation limit of experimental results. The deviation (of the modelpredicted quantity of water removed) from the actual experimental values show highest and least values at -18.87 and -1.92% respectively (Fig.4) . Quantity of w ater removed (g) Correction factor (%) Correction factor to the model-predicted quantity of water removed (shown in Fig. 6 ) gives highest and least values; +18.87 and +1.92% respectively (negative) to the deviations in Figs. 4 and 5. Furthermore, the orientation of this curve is opposite that of the deviation of modelpredicted quantity of water removed in Figs. 4 and 5. This is because correction factor is the negative of the deviation as shown in equations (10) and (11). It is believed that the correction factor takes care of the effects of the surface properties of the clay and the physiochemical interaction between the clay and the binder which (affected experimental results) were not considered during the model formulation.
It was found that the validity of the model is rooted on the expression lnγ = (lnt/Logβ) N where both sides of the equation are correspondingly almost equal. Table 2 also agrees with equation (6) following the values of lnγ and (lnt/Logβ) N evaluated as a result of statistical and computational analysis carried out on the experimental results in Table1. Vol.10, No.13 Model for Periodic Analysis of the Quantity 1241
CONCLUSION
The model gives a periodic analysis of the quantity of water evaporated during thermoprocessing of Olokoro clay (designated for production of refractory) at 90 0 C within a drying time range of 50-130 mins.. It was found that the validity of the model is rooted in expression lnγ = (lnt/Logβ) N where both sides of the expression are correspondingly almost equal. The maximum deviation of the model-predicted water evaporation rate from the corresponding experimental value is less than 19% which is quite within the acceptable deviation range of experimental results. Water evaporation rate as obtained from experiment and derived model were evaluated to be 0.0536 and 0.0337g min -1 respectively.
Further works should incorporate more process parameters into the model with the aim of reducing the deviations of the model-predicted γ values from those of the experimental.
